Analysis of free D-serine in mammals and its biological relevance.
D-Serine is a unique endogenous substance enriched in the brain at the exceptionally high concentrations as a free D-amino acid in mammals throughout their life. Peripheral tissues and blood contain low or trace levels of the D-amino acid. In the nervous systems, D-serine appears to act as an intrinsic coagonist for the N-methyl-D-aspartate type glutamate receptor (NMDA receptor) based upon the following characteristics: (i) D-serine stereoselectively binds to and stimulates the glycine-regulatory site of the NMDA receptor consisting of GRIN1/GRIN2 subunits more potently than glycine with an affinity and ED50 at high nanomolar ranges, (ii) the selective elimination of D-serine in brain tissues attenuates the NMDA receptor functions, indicating an indispensable role in physiological activation of the glutamate receptor, and (iii) the distribution of D-serine is uneven and closely correlated with that of the binding densities of the various NMDA receptor sites, and especially of the GRIN2B subunit in the brain. Moreover, d-serine exerts substantial influence on the GRIN1/GRIN3-NMDA and δ2 glutamate receptor. In the brain and retina, metabolic processes of D-serine, such as biosynthesis, extracellular release, uptake, and degradation, are observed and some candidate molecules that mediate these processes have been isolated. The fact that the mode of extracellular release of D-serine in the brain differs from that of classical neurotransmitters is likely to be related to the detection of D-serine in both glial cells and neurons, suggesting that d-serine signals could be required for the glia-synapse interaction. Moreover, the findings from the basic experiments and clinical observations support the views that the signaling system of endogenous free D-serine plays important roles, at least, through the action on the NMDA receptors in the brain wiring development and the regulation of higher brain functions, including cognitive, emotional and sensorimotor function. Based upon these data, aberrant D-serine-NMDA receptor interactions have been considered to be involved in the pathophysiology of a variety of neuropsychiatric disorders including schizophrenia and ischemic neuronal cell death. The molecular and cellular mechanisms for regulating the D-serine signals in the nervous system are, therefore, suitable targets for studies aiming to elucidate the causes of neuropsychiatric disorders and for the development of new treatments for intractable neuropsychiatric symptoms.